ABSTRACT
Introduction
the millions of T. gondii oocysts are dispersed from land to sea because of its sexual multiplication in domestic and wild felids. ingestion of food and water contaminated with a single T. gondii oocyst is sufficient for human toxoplasmosis (6) . The water-borne transmission of T. gondii from water contaminated with oocysts is important, since drinking unfiltered water may represent a risk factor for human toxoplasmosis. the waterborne outbreaks of acute toxoplasmosis worldwide, regarding unfiltered drinking water, may have a greater epidemiological impact than previously believed (3, 5) .
there are a number of different methods for diagnosis of toxoplasmosis, such as indirect fluorescent antibodytest (IFAT) and enzyme-linked immunosorbent assays (eliSA) (7), immunohistochemical staining and polymerase chain reaction (PCR) (2) and real-time PCR (15) . However, unresolved issues regarding the effectiveness of these methods are still a major obstacle for water detection.
The LAMP technique has very high sensitivity, specificity, efficiency, and rapidity for amplifiying target DNA. It has been already used for cryptosporidiosis, trypanosomosis and piroplasmosis detection under isothermal conditions. Bst polymerase and 4 designed primers which recognize a total of 6 distinct sequences were used in this technique for the diagnosis of target DNA (14) .
in this study, we analyzed water supplies at different sites in the Black Sea area for T. gondii by two detection assays:
LAMP and nested PCR. The identification sensitivities of lAMP and nested PcR for T. gondii were compared.
Materials and Methods

Water sample collection and purification
We collected 60 water samples from selected sampling sites at different sites in the Black Sea area: Amasya, Sinop, Rize, and Ordu Provinces. Ten liters of water from each of the investigated sites were collected in sterile lastic bottles and were then transferred to the lab for analysis. All collected water samples were subjected to Al 2 (So 4 ) 3 flocculation and concentrated as previously described (9, 10) .
DNA extraction from Toxoplasma tachyzoites
Toxoplasma tachyzoites (strain Rh) were obtained from the Institute of Hygiene, Refik Saydam Hygiene Center, Ankara, turkey. Toxoplasma tachyzoites (strain RH) DNA was extracted by the QIAamp DNA Mini Kit (Qiagen, Germany) according to the manufacturer's protocol. DNA was dissolved in 50 µl of te buffer in an eppendorf tube for subsequent PcR and lAMP assays (14) .
LAMP detection of DNA lAMP assay was performed according to Sotiriadou and Karanis (14) 
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mixtures were incubated at 65 °c for 1 h and then heated at 80 °c for 5 min to terminate the reaction. T. gondii as a positive control and distilled water as a negative one were available for each test. LAMP B1 gene targeted a 210 bp DNA fragment of T. gondii. the lAMP products were checked by agarose gel electrophoresis and visualized under UV light after ethidium bromide staining.
Specificity and sensitivity of LAMP
The specificity of the T. gondii LAMP assay was proved by using DNA from Giardia lamblia, Neospora caninum, Babesia gibsoni, Cryptosporidium parvum, Trypanosoma brucei. the sensitivity of the LAMP assay was attested with genomic DNA. Dilutions to a known amount of DNA (a range of 1-10000 tachyzoites) were used both in lAMP and PcR assays (14, 17) .
PCR specificity of LAMP outer primers (F3 and B3)
PCR was conducted with 2 outer primer sets (B3 and F3) to attest the specificity of the LAMP assay for Toxoplasma, as described by Sotiriadou and Karanis (14) . This protocol was used with some modifications. Briefly, PCR amplification was performed in 25 μL reaction mixtures containing 2. Nested PCR nested PcR targeting the 18S-rRnA gene was performed according to Kourenti and Karanis (11) and as later applied (10, 12) . In this study, the protocols were slightly modified. Both PcRs were performed in standard mixtures of 25 µl containing 10 µmol/l of each primer, 200 µmol/l of each dntP, 1x PcR buffer containing 1.5 mmol/l Mgcl 2 (qiagen), 5 U HotstarTaq DNA polymerase (Qiagen), 5 μL of Q-solution (Qiagen). Peqstar thermal cycler was used for amplification of the template DNA with an initial step at 95 °C for 15 min, 30 amplification cycles (94 °C for 1.5 min, 45 °C at the primary PcR reaction and 45 °c at the secondary PcR reaction for 1.5 min, 72 °c for 1.5 min) followed by one cycle of 10 min at 72 °C. This nested PCR targets a 341 bp DNA fragment for Toxoplasma. the PcR products were separated in 1.5 % agarose gel stained with ethidium bromide (1 µg/ml).
The LAMP and nested PCR in spiked water pellets Thirty water sample pellets (20 enviromental and 10 tap) collected from different regions were randomly selected for spiked water samples. the concentrated water sample pellets were diluted to 10 % aliquots. Subsequently, 10 oocysts from the stock solution counted by hematocytometer were added to the 10 % aliquots to obtain spiked samples. All 30 spiked sediments were used for lAMP and nested PcR assays following DNA extraction ( Table 1) .
Sequencing
Purification of the nested PCR products for 18S-rRNA sequence analysis was done with the Milipore Multiscreen (R)_htS-PCR Plates (Filter Plates) according to the manufacturer's instructions. PcR products were sequenced on an ABi PRiSM 3730XL Analyzer (96 capillary type) and Genetic Analyzer with a Big Dye Terminator V.3.1 cycle sequencing kit (Applied Biosystems). Bioedit and Mega5 software was used to align the sequences for nested PcR assay. the sequences were compared to gene sequences obtained from GenBank, by using clustalW. the 18S-rRnA gene sequences used for T. gondii were M97703.
Results and Discussion
Detection of water-borne protozoans is diffucult and there is still no avaliable effective method for Toxoplasma detection. (4, 16) . immunomagnetic separation has been used for isolation of T. gondii oocysts and sporocysts in water, but antibodies cross-reacted with water inhibitors and the sporocyst wall of Hammondia hammondi, Hammondia heydorni, and Neospora caninum (5, 8) . in recent years, PcR-based molecular methods have gained popularity for detection of T. gondii oocysts over the conventional mouse bioassay for clinical specimens. The molecular detection is more sensitive and cost-effective than the conventional methods and reduces the detection time from weeks to 1-2 days (8, 11, 12) .
Although PCR-based assays have been used for detection of T. gondii in clinical specimens, there are few reports about real-time PcR detection of oocysts in water samples (15) . the low numbers of T. gondii oocysts and the presence of PcR inhibitors in environmental samples pose a disadvantage to use of PcR for routine detection (8, 12, 16) .
The LAMP method is highly sensitive in working with difficult DNA templates. The LAMP reaction is not affected by water debris or inhibitors. The high sensitivity of LAMP is because it uses six primers which target eight distinct internal regions on the target DNA, and can demonstrate as few as six copies of DNA (13) . LAMP detection is more sensitive than PcR, in consensus with prior reports in fecal samples (1), in veterinary samples (17) , and in environmental water samples (10, 14) .
in our study, the lAMP and nested PcR assays were used for detection of T. gondii DNA from enviromental and tap water samples.
LAMP sensitivity and specificity
The sensitivity of the LAMP assay was attested by genomic DNA, which was diluted to involve different known amounts of DNA templates from Toxoplasma tachyzoites: from 1 to 1×10 -5 , and the detection limit of lAMP was found to be 100 fg/µl (Fig. 1A) . The conventional PCR was performed with F3 and B3 primers in the same serially diluted samples and the results correlated with those from lAMP (Fig. 1B) .
Nontarget DNA from other protozoan parasites in water  samples, such as G. lamblia, N. caninum, B.gibsoni and C. parvum, was used to determine the specificity of the LAMP assay, according to previous studies (14, 17) . While T. gondii DNA was amplified, the nontarget DNA of the other parasites was not amplified by LAMP (Fig. 2A) . LAMP and nested PCR assays for spiked water samples Spiked samples were used as positive controls in both LAMP and nested PCR reactions to demonstrate the efficacy of the used method. After DNA extraction from each sample, they were analyzed by lAMP and nested PcR. the products generated by lAMP are shown in Fig. 2B and Table 1 . All of the spiked water samples were found positive for Toxoplasma DNA by LAMP. However, the nested PCR assay was positive for only 13 (43.3 %) out of the 30 examined samples ( Table 1) . 
Nested PCR sensitivity
The sensitivity of the nested PCR assay was attested by genomic DNA which was diluted to different known amounts of DNA templates from Toxoplasma tachyzoites: from 1 to 1×10 5 (Fig. 3) . LAMP and nested PCR assays for natural water samples All 60 natural water samples were tested by lAMP assay. Fifteen (10 river, 5 sea water samples) out of 60 natural samples from the sampling area were found positive for Toxoplasma DNA by LAMP. Seven of 60 samples (5 river, 2 sea water samples) were found positive by nested PCR ( Table  2 ). All the negative nested PCR samples were found positive by LAMP, which was in agreement with previous reports that the sensitivity of LAMP is higher than that of conventional PcR for detection of T. gondii infections from veterinary samples (17) and for detection of C. parvum infections from environmental samples (10) .
Sequence analysis
Six Toxoplasma positive nested PCR products were successfully sequenced. One PCR product formed a very weak band and could not be sequenced.
Conclusions
The LAMP method was demonstrated to be a specific, sensitive and easy molecular tool for detection of T. gondii DNA in water samples. The method can be used for detection of protozoan pathogens in difficult environmental samples. We hope that this study will aid our understanding of the occurence of Toxoplasma in the Black Sea and will also be of service for public health in this area.
